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始菌 C. butyricum进行代谢进化，使 C. butyricum能够耐受 100 g/L的粗甘油和
20 g/L的丁酸，并且使摇瓶发酵培养时间从 24 h缩短为 12 h。 
二、通过发酵考察不同进化代数菌株的发酵性能。分批发酵结果表明，代谢
进化可以使菌株生长加快，分批发酵时间显著缩短；通过补料分批发酵对比得到
一株优势菌株（Gen140，进化 140代），其 1,3-PD产量达 68.5 g/L，转化率为 0.506 
g/g，生产强度为 1.37 g/L/h。通过高层琼脂柱培养法从 Gen140中分离出 2株单


























使发酵时间缩短，1,3-PD生产强度为 1.96 g/L/h，提高了 41%。在补料分批发酵
中补加有机氮源也不能提高最终 1,3-PD 浓度，但能显著缩短发酵时间，1,3-PD
生产强度显著提高。当补料液中酵母粉浓度为 40 g/L 时，发酵时间为 26.0 h，
1,3-PD生产强度为 2.56 g/L/h，提高了 87%，而当补料液中酵母粉浓度为 60 g/L
时，1,3-PD产量和生产强度没有明显差别。 
















1,3-Propanediol (1,3-PD) is an important chemical compound with wide range of 
applications. It is mainly used as a monomer for the synthesis of various polymers. 
Microbial production of 1,3-PD has attracted wide attentions as it uses renewable 
resources and dose not generate pollutants. Most studies were done using pure 
glycerol and its cost is high. The cost could be reduced if raw glycerol is used. 
In this paper, industrial raw glycerol was used as the substrate to produce 1,3-PD 
by Clostridium butyricum. In order to find a route to produce 1,3-PD with low cost 
and high productivity by metabolic evolution, finding out the most dominant strains 
and fed-batch fermentation progress optimization. Results are as follows: 
1. Application of metabolic evolution to enhance 1,3-PD production performance of 
C. butyricum by adding high concentrations of raw glycerol, and butyric acid to the 
media. As a result, the tolerance and growth efficiency of strains improved 
significantly. Gen160 could tolerate up to 100 g/L of raw glycerol, 20 g/L of butyric 
acid while the fermentation time was shortened from 24 h to 12 h.  
2. Finding out the most dominant strains by fermentation. The results of batch 
cultures indicated that fermentation time could be significantly shortened and 1,3-PD 
productivity was improved by metabolic evolution. The results of fed-batch cultures 
indicated that Gen140 was the most dominant strains. The 1,3-PD concentration, yield 
and productivity of it’s fermentation were 68.5 g/L, 0.506 g/g and 1.37 g/L/h. Two 
single colonies(Gen140A, Gen140B) were isolated by deep agar column method, and 
at last Gen140B was chosen for further research for its higher production capacity. 
3. As 1,3-PD is a typical growth associated product, culture conditions of fed-batch 
culture were investigated to increase biomass to enhance 1,3-PD production. Results 
are as follows: 
(1) The best feeding mode was Glycerol concentration control (around 10 g/L) 















speed feeding. What’s more, the low residual glycerol concentration was also an 
advantage for reducing the seperation price. 
(2) Aqueous ammonia was used to adjust the pH during the batch fermentation 
which could restrain the production of acetic acid. Then it can promote the 
germination of bacteria, shorten the fermentation time and improve the 1,3-PD 
productivity. But when applied the aqueous ammonia to adjust the pH during the 
fed-batch culture, the result was not well. The phenomenon could be explained that 
the growth metabolism of bacteria was inhibited by high concentrations of ammonium 
ions as the over addition of aqueous ammonia during the middle and later-phase of 
fermentation. The results of two-stage temperature control fermentation indicated that 
reducing temperature could not improve the 1,3-PD concentration. Conversely, the 
time of fed-batch culture grew longer and the productivity of 1,3-PD was reduced. 
(3) The addition of inorganic nitrogen source during the fed-batch cultures could 
effectively shorten the fermentation time. While the concentration of 1,3-PD varied a 
little, the 1,3-PD productivity increased by 41% to 1.96 g/L/h. 
The addition of organic nitrogen source during the fed-batch fermentation could 
effectively shorten the fermentation time and increase the 1,3-PD productivity while 
the production of 1,3-PD was not improved. When the concentration of yeast extract 
in feeding solution was 40 g/L, the fermentation time shortened by 45% to 26.0 h and 
the 1,3-PD productivity increased by 87% to 2.56 g/L/h. While further increase the 
concentration of yeast extract to 60 g/L, the yield and the production of 1,3-PD 
changed a little. 
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S0             发酵初始甘油浓度（g/L） 
Sf             发酵结束时甘油浓度（g/L） 
X             发酵过程中发酵液最大的细胞干重值（g/L） 
Time            发酵时间（h） 
PD            发酵生成的 1,3-丙二醇的浓度（g/L） 
Hac             发酵生成的乙酸的浓度（g/L） 
Hbu           发酵生成的丁酸的浓度（g/L） 
Yp/s             1,3-丙二醇对甘油的转化率（g/g） 
Qp             1,3-丙二醇的生产强度（g/L/h） 
YE            培养基中酵母粉的浓度（g/L） 
































图 1-1 生物柴油生产过程的酯交换反应 





























































Degree papers are in the “Xiamen University Electronic Theses and 
Dissertations Database”.  
Fulltexts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on 
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary 
loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn 
for delivery details. 
厦
门
大
学
博
硕
士
论
文
摘
要
库
